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1
Introduction
A new Work Item has been discussed and agreed in [1] in RAN#43, whose intention is to improve the uplink range of 2 ms TTI, with the following objectives:

The objective of this work item is to define a method for increasing the range of usage of the 2 ms TTI in order to minimize the latency, power consumption, as well as any subsequent impacts on cell capacity.
2ms/10ms TTI switching, automatic repetition of 2ms TTI, and MAC segmentation for smaller transport block sizes are the three design schemes under consideration. In this contribution, we find that in order to further improve 2ms TTI coverage, it is preferred to support the 10ms TTI length scheme and MAC segmentation scheme.
2
Discussion
When we consider the EUL coverage, it is clear that there is a tradeoff between coverage gain and transfer delay. In our opinion, there are three points should be considered in addition to the amount of range extension and the specification impact.

First of all, as far as the real time transfer rate is concerned, it is easy to see that the upper limit of 8-TTI repetition is 11.52Mbps/8=1.44Mbps. That is to say, the gain of 8-TTI repetition exists only when the transfer rate is lower than 1.44Mbps. Using a 2ms or 10ms TTI with HARQ instead of fixed repetition will have higher upper limit of the real time transfer rates.
Secondly, as far as the HARQ benefit and power consumption is concerned, the scheme of 8-TTI repetition without HARQ process can achieve a coverage gain on the edge of the cell. But OLPC is less sensitive to channel change than HARQ, which means when OLPC can not adjust SIR target in time a 8-TTI repetition without HARQ process will cause transmitting power waste. Furthermore, when the mobile moves from the center area to the edge of the cell, the power offset of 8-TTI repetition keep unchanged, which might lead to a power waste as well. HARQ is better than fixed repetition to minimize power waste.
Finally, as far as the trigger event of handover is concerned, a switching from 2ms to 10ms TTI is determined by the RRC layer, via reported Ior/Ioc of CPICH, while a switching from 2ms TTI to 8-TTI repetition is determined by the MAC layer in NodeB, by detecting the UPH in SI. In our opinion, the same trigger event can be used in both schemes, and there is no difference in high layer processing delay between the two switching mode.
For specification impact and amount of range extension, 2ms TTI extension is clearly disadvantageous compared to the other options. With 2 ms TTI repetition, it could be foreseen that it requires significant changes to the current HARQ process, including modification of ACK feedback cycle are required. Furthermore, from the point of performance gain, there is a difference between the 2ms TTI repetition and the legacy 10 ms TTI (which will be proved in the following simulation results), because the former has less time diversity gain and interleaving gain.

3
Simulation Results
The following VoIP schemes (similar to [2] for comparison) are considered in the simulation:
· Scheme 1: 2ms TTI, TBS = 307, T/P=8.07dB, Use of repetition (with N=8 TTI)
· Scheme 2: 2ms TTI, TBS = 120, T/P=5.10dB  
· Scheme 3: 10ms TTI, TBS = 317, T/P=4.08dB  
· Scheme 4: 2ms TTI, TBS = 307, T/P=8.07dB, Use of repetition (with N=4 TTI)
The link level simulation assumptions are listed in Table 1. The residual BLER vs Receive Ec/No are plotted in Figures 1-2. 
Table 1: Simulation Assumptions

	Parameter
	Value

	TTI
	2ms or 10ms

	Number of H-ARQ Processes
	8 for 2ms TTI 

4 for 10ms TTI

	Target Number of H-ARQ Transmissions
	4 for 2ms TTI 

2 for 10ms TTI
1 for 2ms TTI repetition (8 TTI)
2 for 2ms TTI repetition (4 TTI)    

	Channel Model
	PA3, VA30

	Inner Loop Power Control
	On 

	Outer Loop Power Control
	Off
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Figure 1: Residual BLER vs Receive Ec/No: PA3 Channel
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Figure 2: Residual BLER vs Receive Ec/No: VA30 Channel 
From simulations, we observe:
· As we plot residual BLER vs Receive Ec/No curve, we conclude the Receive Ec/No [dB] for 1% BLER as following:
Table 1: Receive Ec/No [dB] for 1% BLER
	
	PA3
	VA30

	Scheme 1
	-18.4 dB
	-18.4 dB

	Scheme 2
	-19.8 dB
	-18.8 dB

	Scheme 3
	-19.9 dB
	-19.5 dB

	Scheme 4
	-18.5 dB
	-18.4 dB


· Among the schemes we consider, scheme 3 can tolerate the smallest receive demodulate power. In general, it has 1dB gain over scheme 1.
· Scheme 2 has a similar performance as the scheme 3 in PA3 channel, but there is a 1dB worse performance than the scheme 3 in VA30 channel. 
· Scheme 1 has a similar performance as the scheme 4 in PA3 and VA30 channel. 
Conclusion, 
The scheme of 10ms TTI can achieve a best coverage performance than the other schemes. 
4 mac segmentation would provide as good coverage as the 10msec TTI for none-RT traffic.
Latency impacts of segmentation CPC gain
Previous simulations of MAC segmentation have assumed a maximum of 4 transmissions, using 3 segments. Assuming Voice on IP packets arriving every 20ms, UE use all 4 transmissions all of the time. Segmentation could increase the Voice on IP delay to up to 90ms. We consider such variation in delay to be unacceptable and hence consider that segmentation should be modelled using 3 maximum HARQ transmissions. The transfer delay is shown in the following figure.


[image: image3.emf]
Figure 3: transfer delay of 3 MAC segmentation with 3 max transmission number
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Figure 4: transfer delay of 8 TTIs repetition

From figure 3, we can see the transfer delay is 56ms, which is still acceptable. 
also from figure 3, we can see CPC gain of mac segmentation is about 1TTI to 7TTIs every 40 TTIs
from figure 4, The CPC gating gain of TTI repetition is 6 TTIs every 40 TTIs. (2slots for preamble and 1 slot postble is excluded).

. 
The UE will be able to dynamically select MAC segmentation where necessary and make better use of CPC than TTI repetition. 
Conclusion:
1 Transfer delay of 3 MAC segmentation with 3 max transmission number is 56ms which is still acceptable
2 There is no significant cpc gain for TTI repetition operation in VOIP traffic.

Coverage gain from segmentation

Link level simulations have been performed in order to calculate the coverage gain achievable using MAC segmentation. Simulation assumptions are given in table 1 below. For TTI repetition scheme, we transmit the E-DPCCH only in the first TTI, and then E-DPDCH in subsequent TTIs.

· Scheme 1: 2ms TTI, TBS = 307, T/P=8.07dB, Use of repetition (with N=7 TTI)
· Scheme 2: 2ms TTI, TBS = 120, T/P=5.10dB, Target Number of H-ARQ Transmissions  
The link level simulation assumptions are listed in Table 1. The residual BLER vs Receive Ec/No are plotted in Figures 2-3 
Table 1: Simulation Assumptions

	Parameter
	Value

	TTI
	2ms 

	Number of H-ARQ Processes
	8 for 2ms TTI 

	Target Number of H-ARQ Transmissions
	3 for 2ms TTI MAC segmentation
1 for 2ms TTI repetition (7 TTI)

	Channel Model
	PA3, VA30

	Inner Loop Power Control
	On 

	Outer Loop Power Control
	Off
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Figure 5: Residual BLER vs Receive Ec/No: PA3 Channel
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Figure 6: Residual BLER vs Receive Ec/No: VA30 Channel 

From simulations, we observe:

· As we plot residual BLER vs Receive Ec/No curve, we conclude the Receive Ec/No [dB] for 1% BLER as following:

Table 1: Receive Ec/No [dB] for 1% BLER

	
	PA3
	VA30

	Scheme 1
	-17.8 dB
	-18.0 dB

	Scheme 2
	-18.7 dB
	-17.9 dB


Conclusion:
· Scheme 1 has similar performance as the scheme 2 on VA30 channel (-0,1db), but there is a 1dB worse performance than the scheme 2 on PA3 channel. 
4
Conclusion
In this contribution, we studied the UE performance with received demodulation power. AMR 12.2kbps full rate packet is used as the payload for study. 
In the first part, We compared the performance of the 2ms TTI with 8 TTIs repetition, 2ms TTI with 4 TTIs repetition, 10ms TTI, and the 2ms TTI with 4 MAC segmentation. In the second part, we compared the performance of the 2ms TTI with 7 TTIs repetition, and the 2ms TTI with 3 MAC segmentation. 
Based on the simulation results,
The scheme of 10ms TTI can achieve a best coverage performance than the other schemes. 
Regarding MAC segmentation for extending the range of the 2msec TTI 
1. 4 mac segmentation would provide as good coverage as the 10msec TTI for none-RT traffic.

2. 3 mac segmentation would provide a slight better coverage than the 7TTIs repetition for VOIP traffic. (1db gain in PA3channel,-0.1dbgain in VA30 channel)

There is no significant cpc gain for TTI repetition operation in VOIP traffic.
Hence we do not see an evident benefit in adopting the TTIs repetition scheme.
As a conclusion, we prefer the 2ms/10ms switching with high layer signaling scheme or the 2ms MAC segmentation scheme, due to their better coverage gain and limited impact to the current specification. 
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